A method for the simultaneous determination of the colorants Sunset Yellow FCF and Quinoline Yellow using solid-phase spectrophotometry is proposed. The colorants were isolated in Sephadex DEAE A-25 gel at pH 5.0, the gel-colorants system was packed in a 1 mm silica cell and spectra were recorded between 400 and 600 nm against a blank. Statistical results were obtained by partial least squares (PLS) multivariate calibration. The optimized matrix by using the PLS-2 method enables the determination of the colorants in artificial mixtures and commercial soft drinks.
Mixtures of two or more colorants are commonly used as additives in foods and soft drinks to get subtle and natural looking colours. Although some of these colorants are natural products many are synthetic and are added as small amounts in food, drug or cosmetic products. 1-3 1-p-Sulfophenylazo-2-naphthol-6-sulfonic acid disodium salt (CI 15958), also named Sunset Yellow FCF (SY), and the 2-(2,3-dihydro-1,3-dioxo-1H-indene-2-yl)-6,8-quinolinesulfonic acid disodium salt (CI 47005) also named Quinoline Yellow (QY) are two of these synthetic colorants, widely used as additives in soft drinks and other non-alcoholic drinks, the highest dose of each in soft drinks being 70.0 mg l 21 . 4 A number of spectrophotometric, 5-7 chromatographic 8-11 and electroanalytical [12] [13] [14] methods for the determination of SY, QY or their mixture with other colorants have been proposed. Traditionally, spectrophotometric methods have been more widely used, but overlapping of the spectral absorption bands of the colorants and the influence of matrix effects on the measurement of the analytical signal are two significant drawbacks. These problems can be overcome by using an appropriate derivative technique and/or a statistical method for the manipulation of the obtained results.
In recent years, the full-spectrum multivariate calibration methods [classical least squares (CLS), principal components regression (PCR) and partial least squares (PLS)] have replaced the derivative methods because the latter methods are useful for the resolution of complex mixtures of analytes, the spectra of which strongly overlap. The main advantage of these methods are that they enable rapid determination of the components in a single mixture and there is no need for the separation of these components prior to analysis.
The original concept of PLS regression was developed and applied to chemical problems by Wold et al. [15] [16] [17] In PLS methods spectral decomposition is performed and then a regression of the scores versus concentration is carried out so that concentration information during the decomposition process is used. In PLS type 1 (PLS-1) the decomposition and regression are performed for only one component at a time, whereas in PLS type 2 (PLS-2) decomposition and regression are carried out simultaneously for all the components.
PLS methods are reported and used in several papers for the spectrophotometric (UV/VIS) determination of flavour enhancers in foods, 18 sulfonamides, 19 pesticides 20 and mixtures of chemicals, such as 2-furfuraldehyde and 5-hydroxymethylfurfuraldehyde. 21 In all instances the analysis of these compounds was accomplished in solution; however, PLS has not been applied to spectrophotometric analysis of these chemicals in the solid-phase.
In this paper we apply PLS methods to the resolution of mixtures of colorants in foods using solid-phase spectrophotometry. The method takes advantage of the sensitivity and selectivity of solid-phase spectrophotometry, with the added advantage inherent to multivariate calibration methods, i.e., the speed of determination for the components of interest in a mixture, without previous separation steps.
Experimental

Instruments and Software
A Perkin-Elmer (Norwalk, CT, USA) Lambda 2 Spectrophotometer was used to perform the absorbance measurements. It was interfaced to an IBM SX-486 microcomputer for the spectral acquisition and subsequent manipulation of the obtained data. To shake the gel-solution mixtures of colorants an Agitaser Model 2000 rotating-bottle (Tecnotrans, Barcelona, Spain) was also used. Other instruments used were: a URA Technic desk centrifuge (Model 2610) (Barcelona, Spain) and a Crison Digital pH-meter (Crison Instruments, Barcelona, Spain) equipped with a combined glass-calomel electrode. The absorbance measurements were carried out in two matching quartz cells (Starna, Type 1, Essex, UK) with a 1 mm pathlength used as a container.
Software programs used for the treatment of the spectral data were: Grams/286 Software Package version 1.0, Add. Application PLS Plus version 2.1 (Galactic Industries, Salem, USA) and Data Leader Software Package (Beckman, Fullerton, CA, USA, 1987).
Reagents
Stock solutions (100 mg l 21 ) of Sunset Yellow FCF (Utter Laboratorios España S.L., Tarrasa, Spain) and Quinoline Yellow (Aldrich, Milwaukee, WI, USA) were prepared by exact weighing of the standards and solution with reverse osmosis quality water. These solutions were stable for at least one month. The standards were previously purified using a solvent extraction process. Working solutions were prepared from the stock solutions, diluting appropriately with water in all instances.
Buffer solution of the required pH (5.0) was obtained from 1.0 mol l 21 sodium acetate solution and 1.0 mol l 21 acetic acid solution. As solid support Sephadex DEAE A-25 gel (Pharmacia, Uppsala, Sweden) was used without any pretreatment. All solvents and reagents were of analytical-reagent grade unless stated otherwise.
Absorbance Measurements
The absorbance spectra of the colorants-gel system packed in the 1 mm cell, were recorded for the wavelength interval 400-600 nm, and compared with the corresponding blanks. The calibration matrix was prepared with mixtures of the two components, in different ratios, and calculated and optimized by the application of the PLS-2 method to analyse the spectra obtained and to calculate the concentrations of the colorants in the real samples.
Procedures
Basic procedure
To an aliquot of sample containing between 20.0 and 500.0 ng ml 21 of analyte (QY, SY or both colorants in a mixture) in a 100 ml calibrated flask, 5.0 ml of sodium acetate-acetic acid (pH 5.0) buffer solution were added, making up to the mark with water. The solution was transferred into a 1 l glass bottle and 50 mg of Sephadex DEAE A-25 gel were added. The mixture was shaken for 10 min and the gel beads were collected by filtration, under suction, and packed in a 1 mm cell. Finally, the cell containing the analyte-gel system was centrifuged for 30 s at 2000 rpm (450g). Blanks containing all the reagents except the colorants, were prepared and treated in the same way as described for the standards.
Procedure for real samples
To a 100 ml calibrated flask, an aliquot of the real sample was introduced (typically between 1.0 and 10.0 ml or between 2.0 and 10.0 g) followed by 5.0 ml of pH 5.0 sodium acetate-acetic acid buffer, and the solution was made up to the mark with water. The solution was transferred into a 1 l glass bottle and 50 mg of Sephadex DEAE A-25 gel were added. The mixture was then treated as described above under Basic procedure.
Treatment of samples
The samples of lemon, melon or banana soft drink and the melted samples of ice-pops, i.e., frozen coloured water without milk or milk derivatives, were filtered through a cellulose acetate filter paper (Millipore HAWP 04700 filter type HA 0.45 mm pore size, Milford, MA, USA) and collected in a glass container that had previously been cleaned. In some cases, when the buffer solution was added, a white precipitate (gum arabic) appeared, in which instance the solution was filtered again and treated as described above. The usual precautions to avoid contamination of the sample had to be taken. Fig. 1 shows the spectra of QY, SY and a mixture of both colorants, both in solution and isolated in Sephadex DEAE A-25 gel. As can be seen from this figure, in the region between 400 and 475 nm, the spectra of both chemicals, in solid-phase and in solution, are overlapped. This fact hinders the simultaneous determination of both compounds by conventional spectrophotometric methods, but by applying the PLS-2 method the problem can be obviated. Fig. 2 shows the influence of pH on the absorbance of the colorants isolated on the gel. The effect of this experimental parameter on the retention of the colorants on the solid support was studied using 0.1 m hydrochloric acid and 0.1 m sodium hydroxide solutions for the adjustment, making the measurements of absorbance at 415 nm for QY and at 487 nm for SY. The colorants show a higher absorption at pH values between 3.0 and 5.5. We selected 5.0 as the working pH because at this value SY shows an absorbance maximum and QY shows an absorbance near to its optimum value. Different buffer solutions (TRIS-HCl, Britton-Robinson, phosphate and acetate) (pH 5.0) were tested for the adjustment and it was found that the acetic acid-sodium acetate buffer gave the best results.
Results and Discussion
Spectral Characteristics
Influence of pH
Other Experimental Conditions
The absorbance of the QY-SY-gel system is also influenced by the following experimental conditions: the amount of gel used as solid support; speed of shaking; equilibration time; ionic strength; centrifuge time; and sample volume. Therefore, the influence of these variables was tested. Firstly, we tested the influence of amount of gel because we found that increasing the amount of gel results in decreases in the analytical signal (in exponential mode). Hence, 50 mg of Sephadex DEAE A-25 gel was selected as the optimum amount as this amount was the minimum required to fill the cell and facilitate handling.
In order to test the influence of the speed of shaking on the absorbance of the system, five standards (all prepared in the same way) were shaken at different speeds (20, 40, 60, 80 and 90 rpm). At 60 rpm the absorbance value was 5.0% higher than the absorbance obtained at the other speeds. Therefore, we selected this value (60 rpm) as optimum.
Equilibration times of 5, 10, 15, 30 and 60 min were tested for standards obtained in the same way. The experimental data show that the absorbance of the system was constant starting from 10 min (absorbance = 0.4730), whereas at equilibration times under 10 min the absorbance was lower (i.e., at 5 min the absorbance was 0.4279). Ten minutes was selected as the working time of shaking.
The influence of ionic strength on the absorbance of the system was tested using NaCl and KClO 4 solutions at different concentration levels. The absorbance of the colorants-gel system showed a maximum value when the concentration of NaCl and KClO 4 was 2.0 3 10 22 mol l 21 and decreased by about 12% when concentrations were higher than 10 21 mol l 21 .
In order to test the influence of centrifuge time on the absorbance of the system, six standards (all prepared in the same way) were centrifuged for different time intervals (30, 60, 120, 180 and 300 s). In all experiments the absorbance measured was the same except when the sample was not centrifuged, in which case the absorbance value only decreased by 3%. Even when the Student's t test was applied (a = 0.05) this last value of absorbance was not considered rejectable; however, 30 s was selected as the centrifuge time for subsequent experiments because the RSD obtained from 10 samples without centrifuging was 6.3% for SY and 6.5% for QY, whereas when the samples were centrifuged the RSD was 4.1% for SY and 4.8% for QY, respectively. A 30 s centrifuge was therefore selected for subsequent experiments.
Finally, the influence of sample volume on the absorbance measured was tested. We found that the sensitivity of solidphase spectrophotometric methods can be increased when the sample volume used for the analysis is also increased. To check this effect, standards of different volumes (50, 100, 250, 500, 750 and 1000 ml) were prepared containing the same concentration of analyte and a proportional amount of the other reagents. A reasonably straight line could be fitted to the data in the region 50-500 ml, the absorbance remaining almost constant at higher volume values. The absorbances were: 0.3810, 0.4490, 1.1097, 1.6728, 1.7150 and 1.7975 for sample volumes of 50, 100, 250, 500, 750 and 1000 ml, respectively. A working volume of 100 ml was selected because it is an appropriate value for our purposes. However, as can be seen from the above mentioned values, the sensitivity of the method can be enhanced when the volume of the standard solutions equilibrated with the gel are increased.
Application of the PLS-2 Model
Optimizing the data For the optimization of the spectral data, a training set of 15 randomly selected samples was prepared consisting of three samples with SY only in low, medium and high concentration levels, three of QY only in low, medium and high concentrations and the rest of the samples containing mixtures of both compounds in different concentrations. The concentration of each colorant was varied between 20.0 and 500.0 ng ml 21 , avoiding any correlation of concentrations among the different samples so as not to cause underfitting in the PLS model. Table  1 summarizes the concentrations of each sample of the set.
The spectral zone 400-600 nm was selected because it contained the maximum spectral information and 401 recorded experimental points per spectrum were taken with the optimized experimental conditions described above.
In order to select the optimum number of factors for the PLS algorithm, the cross-validation method 22 was used. As the training set was formed by 15 spectra, the PLS calibration was performed on 14 of them and the concentration of the remaining sample was predicted. The process was repeated a total of 15 times (one for each sample) and the concentration of each sample was then predicted and compared with the known concentration of this sample. To test how well a PLS model fits the concentration data the prediction error sum of squares (PRESS) was calculated each time that a new factor was added to the PLS model and the F-statistic was used to assess the significance. Applying the Haaland and Thomas criterion, 23 eight factors (half of the standards + 1) were accepted as maximum number of initial factors and the optimum number of factors was calculated for the first PRESS value whose F-ratio probability drops below 0.75. The number of factors selected as optimum by this procedure was three. Table 2 shows the values estimated of residual mean standard deviation [RMSD absolute and relative (R)RMSD] and the values of R 2 .
The values of RMSD and RRMSD were obtained from the expressions:
x respectively. These values indicate the average error in the determination of each component. The values of R 2 were calculated from the expression:
being an indication of the fit of the data to a straight line. In all expressions, x i is the true concentration of analyte in the sample, x i is the estimated concentration of analyte in the sample, N is the number of samples used in the prediction set and x is the mean of the true concentrations of analytes in the prediction set.
Application of the PLS-2 to Real Samples
After the optimization of the data for the training set, the matrix obtained by the PLS model was applied to a set of eight real samples (five lemon flavoured soft drinks, one orange ice-pop, one banana drink and one melon liqueur) to predict the concentration of the QY and SY present in each one. Table 3 shows the results obtained using the PLS-2 method and HPLC. 24 Table 3 also includes the following data: the mean values from five measurements of each one sample, standard deviations of these measurements, the experimental value of Student's t test (t exp ) and the probability value (P val ) of the test used for the comparison of the measurements obtained for both methods. As can be seen in Table 3 the results obtained for the PLS-2 method are similar to the results obtained using HPLC. The small differences between the data obtained using conventional HPLC and our spectrophotometric data can be attributed to a weak matrix effect, but no definite conclusions can be drawn yet unless further research is undertaken, which is not the main purpose of this paper.
Conclusions
In conclusion, partial least squares (PLS-2) can be used as a statistical method for the manipulation of the experimental data obtained by solid-phase spectrophotometry. Mixtures of Sunset Yellow FCF and Quinoline Yellow have been determined simultaneously (at low, medium and high concentrations) in ice-pops and different non-alcoholic and alcoholic beverages. The proposed method is rapid, simple, inexpensive and sensitive, using only conventional instrumentation and the appropriate software.
